The Yuka depression is located in the north margin in Qaidam Basin, Qaidam Basin is an interior formed primarily in the Mesozoic and Cenozoic. There are extensive distribution of good source rocks of middle Jurassic, which have undergone nonuniform uplift, twisting and deep burying. There are different hydrocarbon generation (HG) evolutions. We have studied the history of burying, heating, and hydrocarbon generation of the Jurassic source rocks not just on the basis of tectonic disturbance and deep burying in detail. Meanwhile, Combining with fluid inclusion measurements and the numerical simulation of EASY%R o , We analysis the evolution process, the tectonic stages and the intensity of the HG of middle Jurassic source rock. The hydrocarbon generation occurred in Yanshanian and Early Himalayan since the middle Jurassic formation. The paper discusses tarp formation and destroys of the oil & gas in Yuka depression. At last, we suggest that the thrust fault of Late Himalayan must be pay more attention, .and the middle or small sizes of oil & gas fields will be discovered in the future exploration.
Introduction
The Qaidam Basin, located in northeast Qinghai-Tibetan Plateau, is a typical Mesozoic-Cenozoic basin, which is bounded by the Arjin, Qilian and Kunlun mountains with area of 1.29×105 km 2 [1] . Three source rocks have been found in the Qaidam Basin, such as Middle-Lower Jurassic source rocks, Tertiary source rocks and Quaternary source rocks. The Lower-Middle Jurassic source rocks are located in the northeast of Qaidam Basin and Tertiary source rocks are in the west divided into Paleogene and Neogene. The Quaternary source rocks are in the southeast of Qaidam Basin. But the source rocks are currently immature, and can only generate biological methane [2] .
In 1954, Qinghai Oilfield Company, PetroChina started to carry on petroleum exploration in the Qaidam Basin. From 1954 to 1974, the depths of exploration wells drilled were almost less than 2500 m, and more than 10 oil fields have been found including the Lenghu No. 3, 4, 5 oil fields and Yuka oil field. The crude oils believed is relate to Jurassic source rocks.
The Yuka depression with area of 430 km 2 is located in the northeast margin of Qmidam basin and near to the Qilian Mountains. It is surrounded with old mountains in west, north and east, and connects with Mahai tectonic belts to southwest (Fig. 1) . The petroleum exploration began in 1955 and discovered the Yuka oil field in 1957.
Since that time, Qinghai Oilfield Company has carried out many researches. Now, the researches focus on that the coal seam is the main source rock for oil, and think that oil comes from Jurassic coal bearing in the Turpan-Hami oil field [3, 4] . 1-conglomerate; 2-gravel sandstone; 3-sandy mudstone; Paleogene; 8-Neogene; 9-Quaternary; 10-well 4-mudstone; 5-coal; 6-granite; 7-unconformity
The characteristic of middle Jurassic source rocks
Although the Jurassic strata can be divided into three units with Lower Jurassic, Middle Jurassic and upper Jurassic in the Qaidam Basin, but Lower Jurassic is absent in the Yuka depression. The middle Jurassic immediately deposited upon the pre-Mesozoic with an extensive unconformity (Fig. 2) .
The middle Jurassic strata include two groups in the Qaidam basin [5] . The lower part is a coal bearing, which composed with dark colour mudstone, sandy mudstone, siltstone, coal bed and sandstone, called as Dameigou formation. The upper part is made up of a series mottle fragmentary rock with no coal, called as Caishilin formation.
The source rocks of middle Jurassic are very thick in Yuka depression, e.g. the Yu-33 well drilled 429 m in middle Jurassic and found source rocks at the depth of 360 m (Fig. 3) . According to the seismic data, the thickness of most source rocks is generally from 200 to 400 m in middle Jurassic, and the average is about 300 m, which includes 77.6% dark mudstones, 10% coals, 2.4% carbonate mudstones and 9.3% oil shale. From the analysis results of samples from middle Jurassic, we learned that the total organic carbon (TOC) is between 1.46% to 70.33%, such as the average of mudstones is 2.18%, coal is 61.02%, carbonate mudstones is 10.04% and oil shale is 18.27%. Organic matter belongs to II-III kerogen type.
The maturity of middle Jurassic is in the stage of early maturation and maturation. The vitrinite reflectance is between 0.6% and 1.0%. 
The buried history of middle Jurassic source rocks
The Qaidam Basin developed on pre-Mesozoic basement and underwent two tectonic movements, i.e. the Yanshanian movement and Himalayan movement [1, 6, 7] . So, we carried on the studies on tectonic and sedimentation record. The results indicate that the middle Jurassic has undergone two major subsidence and uplift events in Yuka depression (Fig. 4) .
PKNK v~åëÜ~åá~å=éÉêáçÇ=
During Yanshanian period, regional tectonic movements were relatively mild. The Qaidam Basin is the extension basin. There is no deposition of Jurassic until the middle Jurassic in Yuka depression, whereas the lower Jurassic deposited only in the southern-western of Qaidam Basin.
According to regional tectonic study, this stage can be divided into two sub-stages. During from the middle Jurassic to early Cretaceous, the middle Jurassic deposited and went into first buried phase. In Yuka depression, the thickness of middle Jurassic is 850 m, the thickness of upper Jurassic is about 600 m and the thickness of early Cretaceous is 1000 m, so the maximum burial depth of the middle Jurassic bottom ought to be 2500 m (Fig. 4) .
In late Cretaceous, controlled by regional tectonic activity, the Qaidam Basin was subject to the extrusion stress on about S-N orientation [8, 9] . And later took place the Yanshan movement. As a result, the whole basin was uplifted and denuded, and formed a regional unconformity. The denudation thickness was about 1000-2000 m in the Yuka depression, e.g. there are about 2100 m strata was denuded in Yu-34 well and 1000 m strata was denuded in Kz-20.
PKOK eáã~ä~ó~å=éÉêáçÇ=
During the Himalayan stage, as controlled by the crustal extension, the second subsidence-uplift stage occurred. It could be subdivided into two tectonic stages, including Early Himalayan deeper burial stage form Eocene to the end Miocene and Late Himaslayan uplift stage form Pliocene to now.
During early Himalayan, there are more then 4000 m Cenozoic deposited in Yuka depression and the whole basin subsided, which maximum thickness is above 12000 m. So the sedimentation rate of Yuka depression is the slower then the center of Qaidam Basin in Cenozoic. Anywhere, the source rocks of middle Jurassic were buried again. When the late Miocene, the main buried depth of the middle Jurassic bottom was more than 4500 m in Yuka depression.
During the late Himalayan-Quaternary, controlled by the Himalayan movement and new tectonic movement, the Yuka depression was uplifted again since the early Pliocene. That time, the tectonic movement was very violently, many thrust faults could be discovered with upright strata at the north margin of Qaidam Basin. The thickness of erosion was between 2500 and 4300 m in Yuka depression (Fig. 4) .
PKPK qÜÉ=ÜÉ~íÉÇ=Üáëíçêó=çÑ=ãáÇÇäÉ=gìê~ëëáÅ=ëçìêÅÉ=êçÅâë=
The oil & gas generation of the source rock, the migration and accumulation of oil & gas are closely related to the heating history. Therefore, the thermal history of the source rocks is very important. The Permo-Carboniferous source rocks under regional tectonic and magmatic control had subjected to various stages of heating and formed a complicated heating history. During the controlled by regional tectonic, the middle Jurassic source rocks underwent different geothermic phases, and came through complicated heated process since they had formed in Yuka Depression.
Even though there is no direct geothermal measurements data, the heating history could be estimated from many indirect methods including the measuring of fluid inclusions temperatures and vitrinite reflectances.
Fluid inclusions, particularly the organic ones, represent geochemical recording of oil and gas generation and migration. The history of oil and gas generation and migration could be understood by the study of fluid inclusions in the hydrocarbon source rocks (He, 1982) . Hence fluid inclusion studies are widely used in providing information of the physical and chemical conditions of oil and gas generation.
In this study, we selected two host mineral samples of siliceous cement and quartz of the middle Jurassic in Yuka depression. The main type is a two-phased fluid inclusion with a gas/liquid ratio of 3% to 5%. The geometric shapes (Table 1) . Combining with analysis of the buried history, we consider that the 72-80 °C temperature maybe take place in the Yanshanian, when burial depth of the middle Jurassic was about 2200 m. So the geothermal gradient was 2.7 °C/km in early Cretaceous. The 105 °C temperature maybe take place in the early Himalayan, when the burial depth was 4200 m and deduced the geothermal gradient was about 22 °C/km (about in Miocene), and now the testing geothermal gradient is about 18.4 °C/km. Vitrinite reflectance is a common sedimentary maturation index. It has been proven that vitrinite reflectance is related to time and temperature of the maturation of sediments. The time of heating is the key of the temperature of sedimentary heating [10] . Many geologists studied on depth the thermal history of sediments using vitrinite reflectance measurements [11, 12] .
In this study, we adapted the EASY%Ro simulation method by Burham et al. [13] . This method has been widely accepted in the U.S., Europe, and China [14, 15] as an effective and accurate simulation method of time and temperature inversion [16] .
In this study, we have measured decades of middle Jurassic vitrinite reflectance samples in the Yuka depression. We have made a systematic data analysis in the framework of regional tectonic and burial history in conjunction with fluid inclusion measurements and the literature [1] . Geothermal history and maturation evolution of hydrocarbon source rock is obtained by using EASY%Ro inversion in several wells, e.g. Yu-33 well, Yu-34 well, Kz-20 well and so on ( Table 2) . The systematic studied results suggested that the geothermal gradient is 32 °C/km in Jurassic [1] , 27 °C/km in Cretaceous, 22 °C/km at the end of Miocence, 20.7 °C/km in Quaternary and the testing one is 18.4 °C/km in the Yuka depression.
The maturity and HG evolution of the middle Jurassic source rock
If the burial depth of source rocks reaches the gate of HG, as the maturity increases to 0.5%Ro, the organic matter will take place HG, which called the first HG. When the source rocks are uplifted and the HG will be broken off, but they still have potential of HG. Subsequently, the source rocks were buried again or their heated temperature continuously increased, they may be happen HG again, which called the hydrocarbon regeneration. So we call the first HG when the maturity of organic matter arrives at 0.5%Ro, and call following HG as hydrocarbon regeneration whether it take place one time or many times. 
= =
In order to expose the HG characteristic of organic matter, we carried out a series of the experiments of pyrolytic HG simulation, and studied the relation between maturity of organic matter and quantity of HG [10, 17] . Base on this research results, we plotted the measuring map of HG. [10] (Fig. 5) . 6 . The maturation distribution of middle Jurassic in organic matter [10] bottom in Yuka Depression, today
Since the source rocks of middle Jurassic formed, they have undergone two subsidence-uplift stages and undergo two times heated process in Yuka depression, which led to source rocks took place HG.
Base on the EASY%Ro numerical simulation, the maturation evolvement of middle Jurassic source rocks could be divided into two phases and corresponding they took place two times HG (Fig. 4) .
During Yanshanian, the maturity evolution of middle Jurassic source rocks main was controlled by tectonicburial. Meanwhile, the tectonic of Qaidam Basin was stabilization and Paleo-geothermal flied was normal (3.2 °C/km in Jurassic, [1] ). With the slowly deposited of middle Jurassic-early Cretaceous, the heated temperature of middle Jurassic was increasing gradually. At the end of early Cretaceous, the Paleo-geothermal gradient was 2.8 °C/km, and the heated temperature of middle Jurassic bottom was up to 85 °C. At this time, the source rock rounded off the first HG in Yaka depression. But the maturation of organic matter was so low that only just went into maturity stage, e.g. the maturity (Ro) is 0.53% in Yu-34 well. The first HG gate was about 1900 m meanwhile the buried depth of the bottom of middle Jurassic was about 2500 m. So, there are only 600 m of Jurassic went into HG gate and first HG happened. The quantity of HG is so low that could be ignored (Table 1 ). In the late Cretaceous, the Yuka depression was uplifted by tectonic movement controlled, the heated temperature of middle Jurassic source rocks decreased and their HG had been broke off.
In Himalayan, the source rocks of middle Jurassic were buried again and the heated temperature increased continuously until Miocene in Yuka depression. At the end of Miocene, the burial depth of middle Jurassic arrived at the most depth and the heated temperature was tiptop. During this time, middle Jurassic source rocks were quick heightened and hydrocarbon-regeneration take place. For example, in Yu-34 well, the burial depth was 4643 m and the heated temperature was 145 °C and the maturation (Ro) was 0.87%. The EASY%Ro numerical simulation result shows that the HG gate was 2800 m, that means the whole middle Jurassic went into HG gate, the ultimately maturation of middle Jurassic were formed, which vitrinite reflectance is between 0.6 to 1.1% (Fig. 6) .
Because the maturity evolvement is inhomo-geneity, the HG is different. According to the measuring map (Fig.  6) , the I-II type kerogen of organic matter produced about 0-120 mg/g hydrocarbon, and the III kerogen produced 0-40 mg/g (Fig. 7) .
For example, in Yu-34 well, the I-II type kerogen produced 60 mg/g and 50 mg/g liquid hydrocarbon; the III type kerogen is 25 mg/g and about 20 mg/g liquid hydrocarbon (Table 3) .
Controlled by tectonic movement, the HG of middle Jurassic source rocks about began at Oligocene, and persisted until the end of Miocene.
In Pliocene-Quaternary, controlled by the late Himalayan movement and New Tectonic movement, extensive thrust fault was formed at the north margin of Qaidam Basin. The strata were folded and faulted in Yuka depression. Even the strata are nearly upright at someplace (Fig. 5) . The strata are uplifted again and a mass of strata were denuded in Yuka depression. The trapped oil & gas must be destroyed and reduced the possibility of the discovery of oil. So, we suggest that the tectonics of late Himalayan must be detailed researched, particularly the formed traps were destroyed in degree. In the future exploration, the middle or small sizes of oil & gas fields will be discovered again, but discovery of the large sizes of oil or gas field may be impossibly in Yuka depression.
Conclusion and discussion
On the basis of thoroughly analysing tectonic-burial history combining with fluid inclusion analyses and using the EASY%o o numerical simulation, the paper reveals the evolution process, the tectonic episodes and the intensity of the HG of middle Jurassic source rock in Yuka depression. We have got the following conclusions.
• Controlled by regional tectonic, the middle Jurassic source rocks underwent two major tectonic subsidenceuplifts stages in Yuka depression. The first stage is in the Yanshanian, between the middle Jurassic to late Cretaceous, the maximum burial depth of middle Jurassic bottom reached 2500 m; the second stage is in the Himalayan, the burial depth of the middle Jurassic bottom was greater than 4000 m.
• During the burial process, the heated temperature of Jurassic source rocks have an echelon increases, the maximum heated temperature occurred in Miocene, and it was above 100 °C in general, e.g. the Yu-24 well is 145 °C. Two times HG from the Jurassic source rocks had happened, one occurred in the end of early Cretaceous; the other, occurred in Miocene. The second HG is more important for oil & gas exploration.
• Although there has a good source rocks of Jurassic and HG have taken place in Yuka depression, but the late Himalayan movement is very violent. The strata are uplifted again and a mass of strata was denuded in Yuka depression. So the trapped oil & gas must be destroyed and reduced the possibility of the discovery of oil.
